Sustainable urban form as a reflection of social functions of a city and the relationship between the physical form and social functions is discussed in this paper. Measures of urban density are formulated to quantitatively express the physical, social and spatial layers of urban form. The role of planners as the facilitators of urban social functions through planned physical interventions is supported by devising measures of human security to assess the effects of development on urban residents. These measures are tested on Mumbai to identify its social areas. Furthermore the relationships between density and human security are analyzed.
Background
It has been stated that 60% of the population of the world will be living in urban areas by 2030 1 However, it is not just high density cities which are causes for concern. Cities of the developed world are experiencing the hugely negative effects of shrinking populations. The processes of urbanization, suburbanization, counter-urbanization and re-urbanization 4 (Champion 2001 ) have been followed by cities of the developed countries. The city of Tokyo for instance, experienced rapid urbanization accompanied by increased demand of inner city land leading to suburbanization, followed by counter-urbanization facilitated by mass rapid transit systems, forming the vast expanse of the Greater Tokyo Area, the largest metropolitan area in the world with a population of 36.7 million 1 (UNFPA 2011). However, with re-urbanization leading to migration from suburbs to the inner city, the outer parts of the ����� ������������ ����� ������ ���� ���� ������� �� ������� �����tion where populations threaten to drop below the minimum level required to sustain urban infrastructure, as has been seen in other parts of Japan.
It is therefore evident that high density urban areas in developing countries and low density urban areas in developed countries need to be urgently addressed under the current trends of urban population growth. However, it is not just high density cities which are causes for concern. Cities of the developed world are experiencing the hugely negative effects of shrinking populations. The processes of urbanization, suburbanization, counter-urbanization and re-urbanization 4 (Champion 2001) have been followed by cities of the developed countries. The city of Tokyo for instance, experienced rapid urbanization accompanied by increased demand of inner city land leading to suburbanization, followed by counter-urbanization facilitated by mass rapid transit systems, forming the vast expanse of the Greater Tokyo Area, the largest metropolitan area in the world with a population of 36.7 million 1 (UNFPA 2011). However, with re-urbanization leading to migration from suburbs to the inner city, the outer parts of the
����� ������������ ����� ������ ���� ���� ������� �� ������� �����tion
where populations threaten to drop below the minimum level required to sustain urban infrastructure, as has been seen in other parts of Japan.
It is therefore evident that high density urban areas in developing countries and low density urban areas in developed countries need to be urgently addressed under the current trends of urban population growth. an important factor in planning for sustainability.
Effects of Physical Planning on Human Security
Having discussed the effects of social systems and its importance in shaping planning decisions, it is important to understand that in addition to this, the physical planning of the city also affects its social systems and often new interactions are formed from such interventions *3 . For example, in Curitiba, Brazil, effective transit oriented development has given it a very strong integrated transport system and made it one of the most sustainable metropolitan cities in the world. The priority given to suitable gradation of differential densities in the various different functional areas helps to sustain its social functions, allowing the citizens to live a high quality of life. On the other hand, insensitive planning can prove to be disastrous. The 
Objectives of this paper
To sum up, it has been discussed so far that the urban form affects the sustainability of the city, and should be planned to facilitate the social functions of the city. Additionally, it has been suggested that the inherent properties of urban form may be quantitatively expressed as measures of density at multiple layers, the formulation of which, is one of the objectives of this paper ( Figure 1 ).
Fig. 1 Objectives of this paper
Additionally, since the design, planning and execution of the urban form is in the hands of the planner and policy makers, it is their duty to make sure that the social functions of the city are met. In order to do this, a mechanism is necessary, which will provide feedback about the effects of past planning and prevalent development practices, on the individual inhabitants of the city.
Hence, the other objective of this paper is to formulate a measure for quantifying the quality of development of the city, through an understanding of the human security of its residents.
Multi-layer understanding of Urban Density
It has been suggested in the previous section that all aspects of the Urban Form can be quantitatively expressed as measures of urban density, which would prove to be a useful planning tool.
In order to do this it is important to expand the understanding of Urban Density from its traditionally flat perception as being the pattern of human occupation of land, to a more three dimensional measure.
In 
Quantitative Measures for Urban Density
The layers of Urban Density measures discussed so far are expressed as quantitative measures, as shown in table 1. does not need to be perfectly laid out in absolute geometry or have an idyllic atmosphere of perfect calm. On the contrary, a good city or urban area within a city may be haphazard, even organic, and hence be informal enough for collaborations, its scale may be human enough for each inhabitant to feel familiar and included, and it may be walk-able enabling a stronger reciprocation between the physical form and the inhabitants. A similar analogy has been described by Jane Jacobs in her discussion on city streets and uses of sidewalks 15 Table 2 ).
The measurement of quality of urban development can therefore be carried out by the composite assessment of the aforementioned indicators, which aim to understand and quantify urban development and its effects on the individuals from various backgrounds inhabiting the city. The MDGs lay special stress on educating and empowering women. This is because if a woman is educated and self reliant the number of children she has will go down, which will benefit the family as it will have fewer mouths to feed and the entire country in the long run. Also, the health of the entire family will improve as she will ensure cleanliness and take protection against mosquitoes and other vectors borne diseases. Additionally, if she is an earning member of the family, then female foeticide will go down and the next generation of girls will also be educated. Also, educated women save money and invest it for the betterment of the whole family. Although the list of indicators is exhaustive, it is very difficult to find data pertaining to the respective indicators for the proper application of this measure. The data on most of the sub themes are available for the national scale, but will either be unavailable for different cities, or be of different scales and hence not be comparable between cities. These indicators are a valuable source of reference for ensuring that all the aspects of sustainable development are covered, but their modification according to available data is necessary. World Bank Good Governance Indicators 21 According to the World Bank political stability is gauged by the level of good governance, which in turn is decided by the level of participation and voice of each citizen, accountability and transparency of the administrative system, degree of control over corruption and discrimination between different groups, regulatory quality and rule of law.
UN
Good Governance is imperative for human security and Liberty and Rule of Law form its central aspects. In addition, as discussed in the analysis of Human Development Indicators, the ability of citizens to voice their opinions and take part in planning decisions is extremely important. Since the urban form must correspond to the social needs of the people, the only way to understand these needs is through a mechanism of good governance. In addition, the enforcement of law and order and political stability cultivates a sense of security and well being in the people residing in the city.
Methodology for formulating Measures for Urban Development
The complete and exact application of all the indicators discussed in the previous section was not possible due to unavailability of several datasets. Additionally, there exists a considerable amount of overlap between the indicator sets which would be redundant if applied a multiple number of times. Therefore, simplification, conjugation and modifications according to available data were required.
In order to ascertain the kind of data that might be available for the study area, a detailed study was undertaken which investigated the public bodies, administrative departments, academic institutions, non-government organizations, and private companies which were involved in the data collection and planning activities of the area. A tentative list of the types of data that might be available was therefore prepared as a result of this study. A matrix was created with the pre-established Development Indicators (DIs) on the horizontal axis and the obtainable data (Ob Data) on the vertical axis (see Table 3 ).
After this, the two lists were compared and the DIs that had similar data representation in the obtainable dataset, were marked. For example, the economic security DI of the Human Security Indicators can be represented by the following datasets from among the list of Ob Data: (Table 4 ). Greater Mumbai has a population of nearly 12 million people (11, 978, 450 The ward wise composites for all 24 wards were computed for each of the six categories (Table 5 ). These were then mapped using ArcGIS, and ward wise thematic maps for each category were produced and the social areas of Mumbai were identified.
Case study of Mumbai
Traditional concepts of Social Area Analysis 23 using the indices of Urbanization, Social rank and Segregation, developed by Shevky and Bell have not been directly applied since the current study is not aimed at identifying residential patterns within the urban area. Social areas of a broader nature covering a wider variety of urban uses and functions are reflected in each of these maps.
Development Composite Maps
The thematic maps for each of the 6 Development Composites illustrate the ward wise variation of that category (Figure 3 ). Maps were generated for these measures (Figure 4 )
In assessing each of the above maps, we can make the following conclusions:
Map1 � Composite of Physical Density � The standardization has been done using highest density as least desirable (light grey) and lowest density as most desirable (dark grey). Map 1 therefore shows that the average, residential and household Additionally, there is a clear division between the eastern and western parts of Mumbai, divided by the railway line. The western part is seen to have a higher level of development and desirable levels of density.
Fig 5 Overlay Maps of Development and Density Measures
The spatial overlay of the maps each have a weight of unity, which gives us a basic idea of the underlying patterns that exist in Mumbai. The various layers may need to be weighted differently in future, for which this analysis is a starting point.
Conclusion
The issues of urban density and its effects on the social functions of a city are discussed and urban density measures formulated in an effort to quantify these issues. of urban land rent differentials, location theory principles, and transport planning principles. Chester and Rapkin 9 in 1954 stated that urban traffic patterns were a direct and measurable function of the pattern of activities and thus land uses. Transport planning has influenced and still continues to dominate a large part of the planning process. This method has often produced very efficient plans, but in the absence of considerations for social systems, this practice has also produced new urban problems. *4) Intensity � The measure of the extent to which high density development is used for combining various uses in a localized area. The intensity of urban area can be measured if the floor area ratio (FAR) for various uses is known. The street width is also an important measure and along with FAR, it will largely dictate the built versus open ratio, and hence the availability of light, and overall character of the area. This measure defines the compactness and diversity of the urban form. Amenity � The residential density and viable residential density as a function of available infrastructure are urban density measures of amenity.
The availability of open spaces and basic amenities can be understood from this measure. Additionally, aspects of green cover are assessed through this measure. Autonomy � Measuring local employment densities and density of commercial, industrial and mixed use in the area will be a measure for Autonomy. A deeper look at these measures using employment data of females only will also prove fruitful in understanding autonomy.
Frequency � A measure of the ratio between the demand of mobility and the capacity of the main public transport infrastructure will highlight the density issues of the area. Furthermore, a look at the floating population density will indicate the areas of specialized use, such as business district. *5) �The 1994 Report introduces a new concept of human security, which equates security with people rather than territories, with ������������ ������� ����� ������ 17 The report focussed human development with 20% of national funds and 20% of foreign aid being prescribed to be used for human development. It brought about a shift due to which human security is now discussed as a measure for �������������������������������������������������������������������������� individuals. 
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